Introduction
Stanford University is proposing a pion irradiation facility using the superconducting pion concentrator already operating in the Stanford High Energy Physics Laboratory. To produce pions in sufficient numbers to permit reasonable dose times (ten minutes or so) an associated particle accelerator must produce a current of about 600 uA of 500-MeV (or higher) electrons or a current of about 20 uA of 500-MeV (or higher) protons. The period of injection and the rate of cycling of the machine to reach 20 uA of proton current will be set by the space-charge limit at injection. This is the amount of charge that can be injected and retained in the magnet.
Space-charge limits later in the cycle will always be higher than at injection.
No limit is set in the injection system because the charge in the ring can always be brought toward the space-charge limit by injecting a number of turns of lower current. Procedures for such "stacking" in the magnet ring are well known.
The space-charge limit is, in turn, set by the aperture of the ring vacuum chamber and by the energy of the injected protons. It is given by the formula One of the long straight sections will be used for injection of the 20-MeV beam, one will be used for extraction of the 600-MeV beam, and the other two will be used for the accelerating rf system.
The v-vulue for this lattice will be 2.4. Phase transition will lie above 1.3 GeV and so will not need special arrangements for passing through it.
It is probable that some changes will be necessary in this lattice to optimize orbit parameters. These changes, however, will make negligible modifications in the amount of iron and copper needed and in the cost of the magnet system.
We have used a separated-function lattice (a lattice in which the functions of bending and focusing are performed by different magnets) because design of the lattice is simpler (thin lens approximations can be used to evaluate quadrupole performance). Possibly further study will show a combined-function system preferable. The cost of the combined-function system will, however, not differ appreciably from that presented here.
Magnet System
The bending magnets are shown in cross section in To magnetize an air gap of 11 cm to 0.8 T requires 70,000 ampere-turns.
A slightly higher allowance than this will be assumed, to include magnetization of the. magnet back leg; the coil will include 32 turns and will carry a maximum current of 2300 A, giving 73,600 ampere-turns.
The packing factor in this coil will be rather poor. Since it must perform at 60 Hz it will be made of stranded cable with built-in water cooling. We shall assume a packing factor of 50%.
With these assumptions one of the magnets illustrated in Fig. 2 The 20 quadrupoles occupy only one eighth as much of the circumference as do the bending magnets. Per unit weight, they will, however, be more costly because of their more complicated coils.
Magnet Power Supply
The bending magnets will be supplied with power by the circuit shown in Fig. 3 . This system will supply a biassed sine wave so that acceleration can be spread out over 180° of the wave, instead of 90° as would be the case with an unbiassed wave. A sinusoidal wave, rather than a triangular wave is used so that a resonant supply can be used. The total stored energy of over 400 kJ is rather large for generation and reabsorption by a conventional polyphase rectifier.
Resonant power supplies are in use at several large electron synchrotrons. Estimates from manufacturers of prices for 4-MV electrostatic machines run between $250,000 and $300,000. To adapt these machines to the required service by adding a pulsed ion source and a pulsed liner would probably bring the price to approximately $400,000.
Linear Accelerator
The linac mechanical structure is estimated to cost $300,000
The rf system (including a $70,000 klystron, a lowlevel rf system at $30,000, and power supplies, etc. for $200,000) 300,000 
,800
The "Miscellaneous" item includes beam transport and injection and extration gear.
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Conclusion
It is probable that a cost estimate turned out in so short a time is somewhat low. When more detailed re-estimates have been done on the various components they have almost invariably come out slightly higher. But we believe that the estimates on the major items are reasonable. Wherever possible they have been checked with vendors and with other accelerator builders.
It seems likely that more careful attempts to optimize performance and cost will lead to the choice of a higher injection energy. The linac structure becomes cheaper for energies above 20 MeV; we believe that it can be extended for about $15,000 per MeV. If the energy were raised to 40 MeV the spacecharge limit in the synchrotron would more than double, the magnet could be cycled more slowly and the power demands on the magnet power supply and the rf accelerating system would ease materially.
Only three lattices have been studied with computation of the CourantSnyder beta function and other pertinent parameters. It seems probable that variations in the arrangement of components can reduce the maximum value of the beta function and improve the momentum compaction. These changes will not, however, strongly affect the cost estimate. Our treatment of phase oscillations in the linac will be nonrelativistic.
We assume that the rate of energy gain with distance is constant j^ (k m B 2 c 2 ) = eE Q T cos cp ,
where E is field in volts per meter = 2 x 10 V/m, o T is transit time factor -assumed to be 0.8. 
